Introduction
Let H n denote hyperbolic n-space with d(P; Q) the hyperbolic distance between the points P and Q. Introduce (P; Q) = 2cosh(d(P; Q)) then it is easily seen (see e.g. 5]) that (P; Q) = P n?2 i=0 (u i (P) ? u i (Q)) 2 + v 2 (P) + v 2 (Q) v(P)v(Q) where u 0 ; : : : ; u n?2 ; v are the coordinates in the upper half-space model, see section 2. From the de nition follows that is a point pair invariant, i.e. for from the isometry group of H n we have ( P; Q) = (P; ?1 Q): Let ? be a discrete co nite subgroup of Iso + (H n ), of orientation preserving isometries of H n . Then the Poincar e series built from with respect to ? is de ned as H(P; Q; s) := X 2?
( (P; Q)) ?(n?2+s) for <s su ciently large. Analogous considerations as in 4], section 3.1 show that this Poincar e series converges absolutely for all P, Q 2 H n if <s > 1. H(P; Q; s) plays an important role for the study of the distribution of hyperbolic lattice points. Its analytic behaviour was investigated by Huber 6] for n = 2 and for n = 3 an extensive study can be found in the monograph of Elstrodt, Grunewald and Mennicke, see 4] .
In the present paper we relate H(P; Q; s) (for any dimension n) with certain Theta lifts of real analytic Poincar e series of Selberg type de ned on H 2 . We have already considered Theta lifts of this sort in 13] and 12].
For more information about such Theta lifts generalizing Shimura's lift 16] see also the work of Niwa 14] , Shintani 17] , Duke 3] and Katok/Sarnak, 7] . Kudla and Millson, see 8] , do similar computations in the setting of holomorphic Hilbert{Siegel modular forms but restrict to the case, that the manifold for the lifted forms is compact and is at most three{dimensional .
In the present paper we have the following situation: Let Q denote a quadratic form of signature (1; n). Then for z 2 H n , w 2 H n Siegel's theta function Q;Z n+1(z; w) will 2 Hyperbolic space as symmetric space
Let t Q = Q be the matrix belonging to a quadratic form of signature (1; n) over the rational integers. This means that the enties of the matrix have to be from 1 2 Z and the entries on the diagonal have to be integers.
There is a real matrix C such that and extended linearly to all of C k . We further put x := (x 0 ) . There are natural injections C k C l for k l. We now choose for hyperbolic n-space the subset of vectors in C n?1 H n = fu + i n? where we understand the entries of g as elements of C n?1 because of the natural injection C n?2 C n?1 .
One obtains the following explicit formulae, see 5] gw = u g + i n?1 v g ; where
Of course there is an isomorphism : SV n?2 =fI; ?Ig 7 ! SO + (1; n)
as orientation preserving isometry groups of two di erent models for hyperbolic space. shall be arranged in such a way that ?1 (SO(n)) = Stab(i n?1 ).
The exceptional isomorphism
We want to give a more explicit description for . For this we describe a further realization of hyperbolic space via hermitean matrices, see e.g. 5]. Let for this let H n denote the set of hermitean matrices over C n?2 , i.e. which proves (iv).
The following lemmas describe the fundamental transformation properties of Siegel's Theta series. The statement of the next lemma is essentially taken from 3], section 4, and specialized to our situation. Lemma 6.2. As before Q is a quadratic form of signature (1; n) Let Proof. Let as before V n?1 denote the space of vectors in the Cli ord algebra C n?2 . We write (:; :) and k:k for the usual euclidean scalar product and norm, respectively, in V n?1 when considered as real n ? 1-dimensional vector space. Now let be a nonzero element of V n?1 then a short computation shows that the re ection in V n?1 s : x 7 ! 2 (x; ) k k 2 (6) can be written as
Of course, for 2 V n?1 nf0g we have s ?k k ( ) = k k (8) where we consider k k as element of V n?1 . 
Indeed, if we put := b ? kbk we obtain
This proves (9) because of (7), (8) . The proof of (i) follows now from lemma 6.1(iii) together with the fact that the map~ is SV n?2 {equivariant.
For the proof of (ii) we observe that g h maps the geodesic hyperplane g h onto the hyperplane H 0 = fw 2 H n : u 0 = 0g and compute the integral with vol(S n?3 ) the euclidean volume of the n ? 3{dimensional unit sphere.
Here we tacitly assumed n > 3. But if we use the well-known formula vol(S n?3 ?( n?2 2 ) = 2 An elementary calculation shows that the latter equals 2j jk(w h ) 0 k 2 =v 2 h which completes the proof of the proposition.
Obviously we have Q 0 = Q CC ?1 0 ]. We put A := CC ?1 0 then for h 2 S (Q) we have A ?1 h 2 S (Q 0 ). We now denote by h A the hermitean matrix corresponding to A ?1 h as in the proof of the foregoing proposition, h A , g h A , g h A respectively.
If as before P i corresponds via C to the isotropy subgroup of a i then it is well known that for > 0 this is a nite group of order f i , say, and for < 0 P i leaves invariant the geodesic hyperplane g a iA .
We now put i := a iA ; g i := g a iA :
The proof of the theorem for > 0 is now clear.
For < 0 some additional remarks are in order: The orbit set under the action of P i on g i is denoted by P i ng i and can be chosen to be connected and measurable. For the last equality we used the above proposition and lemma 6.1(iv). The proof of the theorem can now easily be completed.
